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Abstract 

The aim of this paper is the study of various parameters 
affecting the lifetime of transformer oil in transformers of 
150/20 kV. Fifty (50) samples of oil were taken from such 
transformers in the major Athens area, Greece. The parame- 
ters investigated - according to international standards - 
were breakdown strength, oil color, humidity, interfacial 
tension and tan5. Thermal and mechanical stresses have as 
result the oxidation of transformer oil and the deteriora- 
tion of its insulating properties. Humidity and foreign par- 
ticles also consist factors contributing to the lowering of 
the breakdown strength of transformer oil. In most examined 
samples the breakdown strength and tan5 were satisfactory. 
It is shown that the slightest contact with the atmospheric 
air may affect humidity. A color index of 3 does not neces- 
sarily mean that the oil is bad. Foreign particle presence 
combined with humidity may decrease the interfacial tension. 
Generally speaking, the 50 investigated transformers were in 
a satisfactory state and none of them was required to have 
its oil replaced. A main conclusion of this work is that we 
should not base our judgment about the oil quality on only 
one or two parameters but on a combination of more parame- 
ters . 
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Introduction 

Transformer oil is a very 
important component of a 
transformer. It must have 
good thermal and insulating 
properties [1]. The insulat- 
ing oil is used for providing 
insulation between the live 
parts of the transformer and 
the grounded parts as well as 
for carrying out the heat 
from the transformer to the 
atmosphere [2] . Faults in 
transformers are rare (l%-2% 
per year in power transmis- 
sion and distribution sys- 
tems), but they can be very 
costly in terms of economic 
and technical consequences. 
Faults can due, among others, 
to lightning and switching 
overvoltages, insulation fai- 
lure, humidity, foreign par- 
ticles and bad maintenance. 
The latter is a significant 
factor for the lifetime of a 
transformer [3], [4]. The main 
factors which may accelerate 
the ageing of the oil are hu- 
midity, temperature varia- 
tions, oxidation and foreign 
particles. Various factors af- 
fecting the breakdown strength 
of transformer oils have been 
discussed and analyzed [5], 
[6] . There is no single mea- 
surement which can deliver 
enough information as to the 



discharges, diagnostic tools, 
strength 

ageing and/or deterioration of 
transformer oil, mainly be- 
cause transformer insulation 
is a dynamic system, in which 
e.g. humidity may migrate 
from the oil to paper insula- 
tion and from paper insula- 
tion back to the oil [3], 
[7] . With this in mind, a va- 
riety of diagnostic methods 
were employed in order to stu- 
dy the state of fifty trans- 
formers of 150/20 kV. The who- 
le work was carried out with 
the aid of the Public Power 
Corporation (PPC) Transformer 
Division in Athens, Greece. 
The fifty investigated trans- 
formers were from the major 
Athens area. 

Diagnostic Methods 

Warning signs about the 
state of a transformer are, 
among others, a big increase 
of partial discharges (» 
2500 pC), a visible deterio- 
ration because of foreign me- 
tallic and carbon particles, 
the presence of humidity in 
the solid insulation about 3- 
4% and the presence of slud- 
ge. The latter is the last 
visible state of deteriora- 
tion. Experience indicates 
that the breakdown behavior 
and breakdown voltage are de- 
termined much more from the 
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above mentioned factors than 
that of pure insulating li- 
quids [4], [8], [9] . 

Several diagnostic methods 
were used in order to see the 
quality of the transformers 
in question. The characteri- 
zation of the oil color (DIN 
51517 - ASTM 155) was per- 
formed through a device (chro- 
mometer) including standard 
glass disks and two glass 
jars with lid. The control of 



breakdown voltage was mea- 
sured by a typical Foster 
test cell, according to IEC 
156/95 (Fig. 1). 

The control of humidity in 
the oil was measured by a 
Metrohm - 684 KF Coulometer, 
which consisted of a glass 
container with a stirrer ti- 
tration in which the reagent 
from container storage is ad- 
ded . 




Fig. 1: The test cell for breakdown voltage measurements 
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The device is fully auto- 
mated and once the experi- 
menter gives the settings, it 
measures the moisture content 
of the oil. The measurements 
were performed according to 
IEC 814. The control of in- 
terfacial tension (ASTM D971 
- 91) was performed via a 

tensimeter, which gives the 
value in dynes per centimeter 
in a direct reading. 

The device that performed 
measurements of tan<5 and of 



resistivity, is the BAUR-DTL 
fully automated device for 
measuring dielectric losses 
of oils. Such a system has a 
fully automated process for 
measuring dielectric loss, re- 
lative dielectric constant 
and resistivity (Fig. 2). The 
measurements were performed 
according to IEC 247. The 
density of oil was performed 
according to DIN 51517, with 
the aid of a pipe of 250 ml, 
an electronic thermometer and 
a glass cylinder. 




Fig. 2: Device for measurement of tan5 and resistivity 
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It is true that no single 
diagnostic method can give 
full information as to the 
state of the transformer oil. 
The aforementioned methods 
may give a better picture of 
its state. 

Results 

The sampling was done ac- 
cording to specification ASTM 
D 923. Sampling should take 
place in clean conditions (ab- 
sence of humidity and pollu- 
tion), suitable glass vessels 



The sampling of oil from 
the fifty transformers 150/20 
kV was done with due care and 
according to the standard 
practice. In Figures 3-7, the 
results of the measurements 
are shown, regarding tan5, co- 
lor, humidity and interfacial 



should be used and the latter 
should be kept clean and her- 
metically closed. Every sam- 
ple should be kept away from 
light according to VDE 0370/ 
9.61. Every sample should be 
taken while the oil is warm. 

In Tab. 1 a classification 
of values of the various in- 
vestigated parameters of in- 
sulating oil is given. An oil 
can be classified as good, 
acceptable or bad according 
to Tab . 1 [10] . 



tension respectively. Green 
color symbolizes the good sam- 
ples, yellow color the ac- 
ceptable samples whereas the 
red color shows the bad sam- 
ples. From Figs. 3 and 4, it 
is clear that the breakdown 
voltage and tan5 values of 



most of the samples are very 
good. This is due to syste- 
matic control of the oil and 
the good maintenance. Figs. 3 
and 4 indicate that these two 
factors, which are related to 
ageing and oxidation, are 
relatively stable. 

In Fig. 5, humidity is in 
relatively acceptable levels. 
Only a small percentage of 
the transformers (4%) seems to 
have high humidity. Most of 
the samples are within the 
limits prescribed by the in- 
ternational standards. It 
must be emphasized that the 
humidity level is a parameter 
which changes easily, since 
the slightest contact of the 
oil with the atmosphere may 
change its characteristics. 
In Figs. 6 and 7 the results 
regarding the color as well 
as the interfacial tension 
are shown. 

As time passes by, the oxi- 
dation products change the 
oil color. Most of the sam- 
ples had a rather acceptable 
color. Even a color index of 
3 does not necessarily con- 
sist an objective indication 
of the oil quality. For this 
reason, color measurements 
should in fact be accompanied 
by other parameter measure- 
ments. In fact, although 36% 
of the samples showed a ra- 
ther dark color (Fig. 6) other 
parameter measurements indi- 
cated that these samples were 
good or acceptable. The pre- 



sence of foreign particles in 
combination with humidity may 
reduce the interfacial ten- 
sion of the oil. In the in- 
vestigated samples, a per- 
centage of 28% (Fig. 7) is 
characterized as poor. This, 
however, is not particularly 
annoying, if we take into ac- 
count for these samples also 
the other parameter measure- 
ments . 

The density of the inves- 
tigated oil samples was mea- 
sured in the generally ac- 
ceptable values, i.e. between 
0.85 and 0.92 gr/ml (with the 
lowest recorded being 0.85 
gr/ml, whereas the highest was 
0.91 gr/ml). Although the oil 
density does not consist per 
se an individual characteris- 
tic of the examined sample, 
its increase may imply an in- 
crease of degradation by- 
products. In the context of 
the present work the oil den- 
sity was used for the calcu- 
lation of the interfacial 
tension [11] , [12] . 

It can be said that, in 
general, the state of the in- 
vestigated transformer oil 
samples was more or less sa- 
tisfactory. In a few cases, 
there is a need of further 
filtering and possibly a se- 
cond sampling it should be 
carried out. Whereas no trans- 
former functioned with a par- 
ticularly bad oil, it is true 
that, with transformer age- 
ing, the oil suffers from so- 



Tab. 1: Classification of insulating oils 



Oil Parameters 


Good 


Acceptable 


Poor 


Color 


< 2 


- 


> 2 


Breakdown Voltage (kV) 


> 40 


30 - 40 


< 30 


Humidity [ppm] 


< 10 


10 - 25 


> 25 


Interfacial Tension (mN/m) 


> 28 


22 - 28 


< 22 


tan5 


< 0.1 


0.1 - 0.5 


> 0.5 


Resistivity (p) (GQ-m) 


> 3 


0.2 - 3.0 


< 0.2 
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lid impurities, free and dis- 
solved water particles and 
dissolved air. Frequent sam- 
pling is necessary in order 
to ensure the good function- 
ing of such transformers. The 
results reported here are in 
line with those published be- 
fore [11] . Although a statis- 
tical approach of the whole 
subject is desirable (i.e. to 
try to correlate the data 
collected here as well as 
from previous published work 
with the pre-history of each 
individual transformer), it 
is difficult to be realized 
since the Greek Electricity 
System has transformers from 
a variety of manufacturers. 



This inhomogeneity of suppli- 
ers certainly renders the re- 
lation between the data col- 
lected with the pre-history 
of transformers very diffi- 
cult. It also should be noted 
that with the term "pre-his- 
tory" we mean the detailed 
registration of all faults, 
faulty conditions, lightning 
strokes, switching overvolt- 
ages etc. which have occurred 
in a transformer. Previous 
work done in this direction 
was only partially successful 
since at that time, pre-his- 
tory of transformers was only 
related to one parameter, 
namely that of breakdown 
strength [13], [14], [15]. 



2% 




Fig. 3: Graph of breakdown voltage results 
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2% 





Fig. 5: Graph of humidity results 
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It can be said that this 
piece of work here does not 
consist per se an original 
piece of research. This paper 
does not claim to have ex- 
plored new inroads regarding 
the mechanisms of breakdown 
of dielectric liquids, as for 
example in [16], or novel di- 
rections regarding new diag- 
nostic methods, as for exam- 
ple in [17]. The whole pur- 
pose of this paper is, how- 
ever, to show that monitoring 
work is necessary - not to 
say essential - for the cor- 
rect maintenance of trans- 
former oil in bigger trans- 
formers. An attempt to also 
relate the present state of 
transformer oil in the above 
mentioned transformers with 
their previous history will 
follow. 

Some Further Remarks 

One may ask which from the 
parameters investigated, are 
the most important. It is a 
difficult question to answer. 
However, if one has to choose 
between the aforementioned pa- 
rameters, he would most pro- 
bably select two of them, na- 
mely humidity and breakdown 
strength. If one looks care- 
fully Fig. 3 (referring to 
breakdown voltage results) 
and Fig. 5 (regarding humid- 
ity results), one may see 
that 98% of the investigated 
transformers had good oil 
breakdown strength and 96% of 



the investigated transformers 
had good or acceptable levels 
of humidity. This means that 
Fig. 3 and Fig. 5 are in more 
or less good agreement. Hu- 
midity plays a critical role, 
since it can contribute to a 
dramatic lowering of break- 
down strength, as was also in- 
dicated in some older but 
nevertheless classical publi- 
cations [18], [19], [20]. Ge- 
nerally speaking, inclusions 
of humidity more than about 

10 ppm (at normal tempera- 
ture) cause a lowering of 
breakdown strength. A low oil 
breakdown strength may imply 
that there are foreign parti- 
cles and/or admixtures in the 
oil. On the other hand, a 
high breakdown strength does 
not necessarily mean that the 

011 is good. It may be possi- 
ble that the quantity of fo- 
reign particles may not be 
sufficiently large, so that 
it can influence the break- 
down voltage [21] . 

The interfacial tension, 
although it gives an idea of 
the concentration of oxida- 
tion by-products in a trans- 
former oil, is not necessa- 
rily an indicator for defi- 
nite conclusions about the 
oil under investigation. This 
is because in warmer periods 
of the year, the oil tempera- 
ture increases and humidity 
may affect the oil more than 
in cooler periods [22] . 

Change of the oil color 
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may mean the existence of by- 
products or the presence of 
foreign particles. Although 
such a change may imply a 
certain degree of pollution 
of the oil under investiga- 
tion, the color by itself may 
not be considered as a very 
reliable indicator of the oil 
quality, as was shown in this 
paper and was also reported 
in [23]. 

Tan<5 results (Fig. 4) 
match very well with Fig. 3 
results of breakdown 
strength. Tan5 changes as the 
oil degrades. Although tan5 
measurements cannot be taken 
as a sole criterion of oil 
quality, its results match ex- 
tremely well with the break- 
down strength data, in the 
context of the present paper. 
The low value of tan<5 depends 
on the nature of the oil as 
well as on its processing 
[22], [24], 

A last remark should be 
made concerning the monito- 
ring of both transformers of 
150/20 kV and of distribution 
transformers (both kinds of 



transformers in the major 
Athens area) : it seems that 
the former have a larger per- 
centage of good/acceptable oil 
than the latter [25] . To va- 
lidate, however, this point, 
more work has to be done with 
transformers of both kinds 
from the major Athens area. 

Conclusion 

Insulating oil samples 
from transformers of 150/20 
kV have been investigated. In 
the context of this work, se- 
veral parameters - through 
the appropriate diagnostic 
techniques - affecting the 
state and lifetime of trans- 
former oil have been studied. 
No single parameter can fully 
describe the state of the oil 
of a transformer. The variety 
of parameters investigated he- 
re may give a more complete 
picture. In the context of 
this work, the majority of 
the investigated transformer 
oil samples were found to be 
good or acceptable. This 
points out to the further con- 
tinuing sampling at regular 
intervals . 
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